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ABSTRACT 


Pressure distribution data are presented for four cone-cylinder-flare 
configurations at Mach numbers of 1.75 to 4.5. The angle of attack 
range was from -4 to +12 degrees. Roll angles ranged from 0 to 180 
degrees. The Reynolds number remained constant at approximately 
0.45 x 10° perinch. The boundary layer was made turbulent with 2 
grit ban. The basic pressure data (P/P.») are.presented in tabular 
ferm with the test conditions printed on each table. 


ACKNOWLEDGMENT 


The authors wish to acknowledge Mr. Maurice Syivester and 
associates at the Ballistic Research Laboratory, Aberdeen, Maryland, 
for their diligence and unusual! attention to detail which resulted in the 
acquisition of the extremely accurate, reliable data presented herein. 


petsfibeasnsnietranaebemasteriaPe « dfteenbe nF A Msevonreseaer wn pen 3 AO weep DBeeRAY Y Boanrr 6+ 


ont 


petsoumae? 


HAREM UER be Br 


a re ee ene 


. 


: ss <item ncinnecpisse RD EEE dmaun on i, 


PE sesictons tnnnnnstcrsnnesasP teense ennsrttnen anton wel essen WA nanan Absa Annee SMA nr tLe dH PU de 


bo ras ont NN “ ia) aa) hi ” , 
i] ved 
Dy 
® ° ° ’ ry < ‘ 
. r) ‘ ° e 7 ‘ oy | 
an a ee eee a 
« » « e e g 4 ° 
* e . e . fw ° ° 
. e e . a (@) . ’ 
° ° . . ° i) * * 
e e ° « e fee . « 
a oY cy ° e % * e 
e ® « e . O * e 
S) UR i egee ome e : & 
Stowe Ou wate ee " 
. a ° e a a 
m2 8 ye og 
a oe 
. os 
5 
2) 
YQ 
UO 
< 
: 
Q 


SCRLIEREN PHOTOGRAPHS AND 


SHADOWGRAPHS 
DISCUSSION AND SUMMARY 


TEST PROCEDURES 
TEST CONDITIONS 


INTRODUCTION . 
MODELS sa e@emtmUCOmUchOUhUCUCcOOrhUhUCUc OhUhUlUCC HH FT Ho 


APPARATUS 


1. 
2. 
3. 
4. 
5. 
6. 
7 

8. 


{ssi sce atc noe AN ASHORE ERNEST 


ats ee Meneame ney at atm Bia Yak cose ae coment ite Rte! iy rorma hey neue “—n 
cares ¥ a ibiakan ab Thabaantate iba 


sane AE 


ILLUSTRATIONS 


Y 


Table Page 


I Pressure Orifice Locations ...-..-e0086 


ESAS NANO SAMEERA ROT TU 


vas 


it Grit Ban Set BEE he UAE ERE OOR ERE RES 26 
m Configuration 2 Basic Data... 1. es ee eee eae 27 
Iv Configuration 8 Basic Data .........42008- 76 


Vv Configuration 10 Basic Data .......2.00 0058 149 


a antyap nese ne IAN ERI REA EERSTE LTO acpenenygaent 


vi Configuration 17 Basic Data .......22.-2-0008 204 


ota HOBERAaReee RPE OoBachle FEEDS 


Figure 
: 1 Test Setup diletvec ah tetier te Bee iw wea Es ave 5 


z 


2 Complete Model Dimensions .........220 408 6 s 
3.‘ Typical Model saneeoranad atte iainrn mites 7 : 
4 Schlieren Photographs ee ee ee ee @ 3 


5 Shadowgraphs ois eee ees 


E 
E 
E 


wn 
“ 
eee GAMA abl aha tt 


- 7 STE 


ana AMMEN La ead A 


CONTENTS 


: 1. IMTRODUCTION 06056 Meese 5 ees HS ws GSS i 


2 APPARATUS : 


3. MODELS ee? ee ee © © &@ & @ 


ase e~¢¢ 0? @ © @ & @ se &o &e eh He eH Fe 2 
4. TEST PROCEDURES a See ele a a aa 2 
5. TEST CONDITIONS ........ Be Been Sere ee ae 3 


“ra LARA oa a YE sO A nt ea 


6 DATA ACCURACY AND ANGLE CORRECTION .... 3 


apy 


7. SCHLIEREN PHOTOGRAPHS AND 
SHADOWGRAPHS ..... 


8. DISCUSSICN AND SUMMARY 


onsen eoee eer eo ee ewere ee 4 


ed 9A ey 4 7 SPREE PE eb POT SPT MORSE BEDE Se LOPES POD sae Bea ON UOEUOERN isc tnotanE  RabT eR HOM PEOPIONNE PF Phen ent egg ORTEEODA tot nneD Ne HN EDEL HAE NOME ra pO HINER HE ROEUDEREE PRN’ LPO A AAC weber PURER MCTR WB HA UUTTR STK GP pes 7 * 
1e . ‘ 


‘aremnan ve TANNA 


"RIOR RECK SAE UUcNEN RE rey RN LPH AHI PTL ARTI NT OT greiner tema ten cise Hann AUN ACLU EEF DSTA RTOS HOTA “THEN « 


a 
Sen 


cd 


ae 


errr ca aK 
of > 


r 
; 


SYMBOLS 
width of grit ban, in. 


distance of grit baa from nose, ia 


Saee 


Pera) 


configcration aumber 


seg. ont fo Fado: 


D model reference diameter (1.008), in 


hee ree-stream Mach aumber 


Teme 


petal 


local static pressure, psia 
PINS free~stream static presstre, psia 
Ps tétal pressure, psiz 


pressure ratio 


free~strem dynamic pressure, psia 
local bedy radius, in. 

RN Reynoids aumber, per in. 

te totai temperatare, *F 

x longitudinal coordinate from acse, in. 


in angie of attack, deg 
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1. INTRODUCTION 


= : ; Siace the Strain gage balance measuring areeee wes inte deced 
= to aerodyaumic force and momest testing, little sressure tribotics 
ES data have come from tests. This is logical becouse the strein-gage 
F = balence hae provided 2 way of measuring aercdynsmcic forces anc 
= moments quickly. 2cenretely, an? cheaper in the long run. Eoeever, : 
= for flow Held invrestigetioas and comparisons with theories, pressure 
7 data are scarce. Because of thie inck of Gate, 2 series af pressure : 
a tests were comincted to obfeica date on z= representeiive sei of cone- 
= cylinder-flere type bodies fer iow field studies. : 
2 : 
2 Four models were used for this inrestigstion. These particular 
= models were chosen to match 2 set of existing configurations which 
2 have been tested using a strain gage balesce for force and moment 
e measurements. Results from these tests were published in Ref 1. 
= 
i Ise Mach number range fer the present tests was i. 73 to 4.3. 
: Actue! model di-ensicns, test conditions, Meracids mmber, 24 the 
é wied tnonel usec were the same es that in Reh 1. The basic date, in 
pressure ratio form, are presected in tabies with the aertinent test 
: datz printed on each table. Most of the Gata ces enaiyzed fore 
: z master’s thesis and was published in Rei 2 


= 
z = 2 APPARATUS 
z 
= - = = = = 
Ff TLe number one superscaic wind tensel ef Aberdeen Prevring 
= Grouse, Aberdees, Maryizad, wes used ior these tests. The inocei is 
“§ a@ closed-cireceit coatinnons flow type with variable density capability. 
3 i The test section is rectangular, 13 inches high Sy 15 inches we A 
 g variable shase nuztie is used to cover a2 Mach namber range of i. 3tes a 
DE 5. 0. 
oad = - ‘ 
ai 
7 = ~ 
= 
:€ 
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Ie i °U.S.Army Missile Commend, Redstone Arsenal, Alabamez, The : 
be Static Stability Chazecteristics of Several Cone-Criinder-Fiare Coa- < 
BE figurations at Mach Numbers 0.4 to 4.5 by D. J. Spring, June 2953, 8 
HE Reourt No. RF-TR-63-14 Mincis:sified) ; 
HE *U.S. Army Missile Command, Redstoce Arsensl, Alabama. 
HE Correlatien cf Viscous Difects aed Comperison Between Excerimectal : 
i : and Theoretical Dictribation of Fotestizi Normal Force and Pitchin 
HE Momest for Bodies af Revoiction at Susersonic Socads by WilHam 3D. ? 
ns Washington, December 1667, Resort No. RD-TH-47-32 Hjactassifiad) 
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The models were mounted on a sting with 90-degree roll capability 
te effectively obtain data from 0 threugh 369 degreee. A motor driven 
atrut was used for angle of attack variations. Pressure tubes were 
placed along and through the sting to an outlet in the tunnel floor. Pres- 
sure transducers were used to measure and record local pressures. 

A photograph of the test setup is shown in Figure 1. High speed 
computers were used to reduce the raw data and give punched card 
output for further computerized data analysis. 


3. MODELS 


Four models were used for these tests. All models were 
cone-cylinder-flare configurations, except one which included a 
one-caliber skirt at the base. Complete model dimensions are shown 
in Figure 2 and a photograph of Configuration 17 is shown in Figure 3. 
Each model had a tetal of 40 pressure tubes, 20 along the top and 20 
along the bottom. Pressure orifice locations (calibers from the nose) 
ave listed in Table I. The top row of orifices is designated 
(d = 0 degree) and the bottom row is (¢ = 180 degrees). Therefore, for 
a positive angie of attack, the 180-degree orifices would be windward 
and the O0-degres orifices would be leeward. 


4. TEST PROCEDURES 


These tests were run on a low priority basis depending on 
available time; consequently, each model waa tested at different 
times. Configuration 2 was tested intermittently during the period 
of 21 May through 16 July 1964. Configuration 10 was tested from 
23 November through 17 December 1964. Configuration 17 was tested 
during the period of 14 through 24 June 1966, and Configuration 8 was 
* ated from 3 through 19 October 1966. In addition, a series of 
SchHeren photographs, Schlieren movies, and shadowgraphs were 
taken from 1 through 9 December 1966. Schlieren photographs and 
shadowgraphs were also taken during each set of runs to check boundary 
layer, shock patterns, and flow conditions, in general. 


The test method, data reduction, and nomenclature were the same 
for each test, except that the angle of attack was increased to 12 
degrees and the grit ban was changed for Configurations 8, 10, and 17. 
Table If shows the location and size of grit ban used fur each configu- 
ration. 


The forward set of tubes (10 on top and 10 on bottom) is the same 
for all configurations. The aft set {10 on top and 10 on bottom) is 
molded into the different flare angle shells for easy model change. 
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During the series of tests, several tubes on the forward set developed 
leaks due to use and were replaced up to the base for Configuration 17. 
Even with this partial replacement of tubes, several could not be 
adequately repaired. Therefore, some of the data will be blanked 

out in the tables. 
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5. TEST CONDITIONS 


The tests were conducted through a Mach number range of 
1.75 to 4.£. Angles of attack ranged from -4 to + 12 degrees for 
Configurations 17 and 8, and -4 to +8 degrees for Configurations 2 and 
i0. The roll angles were 0, 15, 30, 60, and 90 degrees (first quadrant) 
on the top of the model and 180, 195, 210, 240, and 270 degrees (third 
quadrant) on the bottom of the model. Flow angularities in the horizontal 
plane were checked by roiling the model in the opposite direction at 
representative test conditioas. Since flow angularities were uegligible, 
the second and third quadrants should be equivalent; likewise, the first 
and fourth should be equal. Consequentlv, the third quadrant roll 
angles (180 to 270 degrees) will be listed on final data as 90 to 180 : 
degrees, The 90-degree data are actually an average of 90 and ’ 
270-degree data, The Reynolds number remained constant at about 
0.45 x 10° per inch for most of the tests, with a few special runs as an 
exception. The Reynolds number and average total teznperature are 
printed on each set of data. In general, the temperature deviation 
from average was less than 5 degrees for all runs. The boundary 
layer was made turbulent with a grit bantrip. Sch'ieren photographs 
corfirmed the ex*stence of turbulent boundary layer. 
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6. DATA ACCURACY AND ANGLE CORRECTION 


The accuracy of the pressure coefficient data is estimated, 
using standard wind tunnel techniques, to be 0.003 at Mach numbers a 
of 1.75 to 3.0 and +0.001 at Mach numbers 4.0 and 4.5. The rofl a 
angle is accurate to approximately +0.5 degree. The set angie of a : 
attack is accurate to about +0. 1 degree. A 


e 
Sting deflection angles were recorded for several known loads 4 
and positions, The actual load {normal force) and position {center of 
pressure) during test are calculated using the present test conditions 
and the previously reported force test coefficients (CN and Cm) ox 
Ref. i. Then, the angle of attack correction due to sting deflection 
can be calculated using the sting deflection data and the calculated 
loads. 
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7. SCHLIEREN PHOTOGRAPHS AND SHADOWGRAPHS 


tat pobre 


Sever: .. :hiieren photographs, Schlieren movies, and 
shadowgraphs were taken during the tests and during a special setup 
for movies. A representative set is snown in Figures 4 and 5, The 


test conditions for each photograph can be found on the corresponding 
pressure data table. 


8. DISCUSSION AND SUMMARY 


The basic data are presented (Tables III through VI) as the 
pressure ratio (P/P,,) at given stations (X/) for all roll angles. Also, 
presented are the minus roll angle runs (Configurations 2, 8, 10, and 
17), different Reynolds numbers (Configurations 8, 10, and 17), and 
the no-grit case (Configuration 10). These odd runs appear at the end 
of each table or configuration. The test conditions are printed on 
each table for quick reference. The basic data of Configurations 2, 
10, and 17 were analyzed and published as a masters thesis in Ref. 2. 
Comparison: were made between experimental and theoretical normai 
force distributions. A study was made of the cross flow drag distri- 
bution at the larger angles of attack. The cross fiow separation 
phenomena were discussed and illustrations were drawn up from the 
present data to show the separated region. 
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One of the noticeable features of the Schlieren photographs is the 
a i vortex emanating from the nose. The vortex is formed by the rolling 
9 up of the separated cross flow boundary layer. The shadowgraphs do 
not show the vertex, as expected, but do show an interesting shock 
pattern near the cylinder-flare juncture. The leeward side shock 
starting from the flare appear to be split initially, but the windward 
side shock does not zhow such a pattern. Schlieren photographs illus- 
trate the same shock patterns as shadowgrapus; however, no 
explanation is given for these observations. Possibly, the shock waves 
in that region have a three-dimensionai nature which would be confusing 
when photographed as a two-dimensional plane. Another possibility 
could be the unsteady nature of the vortex flow interacting with the shock 
: : wave, Perhaps neither, but one can safely assume that the flow field is 
i complex in the shock-induced separation region near the flare. 
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